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Abstract Larvae of Apatura metis hibernating in Hokkaido froze at —32°C spontaneously, 
while they were frozen at —7°C when ice-inoculated. Although the frozen larvae tolerated 
down to —19°C for 24 hrs, yet they avoided inoculative freezing by two ways: 1) to prevent 
water invasion onto ventral integument, through which ice-inoculation occurred, by lateral 
hairs and silken mat, 2) to choose hibernating site on east-northern surface of host tree trunk, 
where inoculation should hardly occur. The larvae accumulated glycerol in haemolymph to 
the amount of 6.5% of fresh body weight, together with 0.5% trehalose. For comparison, cold 
resistance in larvae of Sasakia charonda hibernating in litter layer was also studied. They 
showed no inoculation avoidance despite relatively weak ability of freezing resistance, and 
contained trehalose (1.4%) but no glycerol. 


Key words Cold resistance, ice-inoculation avoidance, hibernation, Apatura metis, Sasakia 
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Introduction 


Most insects hibernating above the ground in temperate or cold regions are exposed to 
coldness, more or less, hence they have developed abilities for cold resistance. Apart 
from cold avoidance by migration or microhabitat selection (Hoshikawa et al., 1988), 
cold resistance has been studied along two lines: supercooling and freezing resistance 
(Asahina, 1969; Tsumuki, 1988; Leather et al., 1993). And once acquired enough cold 
resistance, hibernating period is regarded as relatively safe and stable season in terms of 
population dynamics (Sakagami et al., 1984). Some insects hibernate on surface of tree 
trunk, however, the thermal condition is quite unstable there even in mid winter ; e.g. 
temperature on southern trunk surface of a tree, Kalopanax septemlobus (Thunb.), raised 
up to +20°C at noon due to solar radiation, while air temperature of that day was 
constantly ca 0°C (Sakai & Wada, 1963). Under such condition, insects hibernating there 
have to resist against the occasional “hotness” in addition to tolerating the background 
coldness in the season. 


Here I describe cold resistance of larvae of Apatura metis Freyer hibernating on host tree 
trunks, and demonstrate a mechanism of ice-inoculation avoidance, as an example how 
they adapt the occasional hotness of the microhabitat. Species hibernating under a 
relatively stable thermal condition should be compared. I chose the larvae of Sasakia 
charonda (Hewitson) as a reference, which belong to the same subfamily, Apaturinae, and 
hibernating in the litter layer. Freezing resistance of this species together with that of 
Hestina persimilis japonica (C. Felder & R. Felder) had been briefly reported by Takehara 
and Asahina (1960). 


Materials and Methods 


Materials: A total of 38 hibernating larvae of Apatura metis were collected on trunks of 
Salix sp. (probably S. Gilgiana Seem.) in suburbs of Sapporo, northern Japan, on Dec. 20, 
1981, and on Feb. 14, Mar. 22 and 25, 1982. The larvae were collected together with bark 
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Fig. 1. A: The hibernating larvae of Apatura metis on Salix bark. Body color of the 
larva varies in accord with ground color of bark on which the larva rests. Whitish 
silken mat can be seen around the right larva. Background squares are 20 X7 mm in 
size. B and C: Microdistribution of the hibernating larvae on surface of host tree 
trunks. B: vertical distribution. C: distribution in compass direction. 


on which they rested. For each hibernating site, the height from the ground surface and 
the compass direction were recorded. Twenty-four hibernating larvae of Sasakia cha- 
ronda were collected in litter layer nearby a host tree, Celtis jessoensis Koidz., in Sapporo 
on Nov. 14, 1981 and Mar. 15, 1982. The larvae of both species collected were kept at 
0°C in the Institute of Low Temperature Science, Hokkaido Univ., and subjected to the 
following experiments within two weeks. 


Measurement of supercooling points and inoculative freezing points: Both values were 
obtained from cooling curves (Fig. 2) recorded with a copper-constantan thermocouple as 
described in Shimada et al. (1984). Cooling rate varied between 0.5-1.2°C/min depending 
on cooling conditions. Larvae were cooled after one of four treatments as follows: A) 
without any treatment, larval body alone was cooled to obtain supercooling point, B) 
larva was wrapped with absorbent cotton soaked in muddy water to obtain ice- 
inoculative freezing point, C) larva on hibernating substrate (bark piece or dead leaf) was 
drenched with muddy water, being a simulation such occurred in natural condition, and 
D) larva on the bark was artificially wetted on its ventral integument by injection of 
muddy water into the space between larval body and silken mat (for Apatura metis). In 
some experiments with treatment C or D, water which contained small amounts of silver 


iodide as ice nucleus and methyl cellulose to raise viscosity was used instead of muddy 
water. 
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Fig. 2. Representative freezing curves obtained when a hibernating larva of Apatura 
metis was cooled (A), and when the larva was cooled after being wetted by muddy 
water (B). 


Determination of frost resistance: Survival of frozen larvae exposed to various low 
temperatures for 24 hrs were checked by responses 24 hrs after thawing and warming. 


Measurement of sugar contents: Sugar contents were determined by gas-liquid 
chromatography, as detailed by Shimada et al. (1984). 


Results 


Hibernating site of Apatura metis : Hibernating site of the larva was longitudinal split on 
bark of host tree trunk. The larvae prepared elaborate silken mat on the site before 
hibernation and fitted into the split (Fig. 1A). Out of 38 individuals, 26 were 2nd instar 
and 12 were 3rd instar. Irrespective of the instars, the color of larva varied and 
resembled that of bark on which the larva rested. The representatives are shown in Fig. 
1A. Most larvae situated its head up in the split (27 exs), while some were upside-down 
(11 exs). Microdistribution of the hibernating site is given in Fig. 1, compiling the field 
records. Vertical distribution (Fig. 1B) was 149 (+57 ; s.d.) cm in average, ranging 52- 
278cm. About one-fourth of larvae were found under the snow surface. Distribution 
in compass direction (Fig. 1C) reveals that the larvae were significantly abundant on the 
east-northern surface of trunk, and almost absent on the western side (Chi-square test, 
P>0.99). Min/Max thermometers attached on northern bark of a host trunk indicat- 
ed —18.5/20.5°C at 1.1m height and —18.5/19.0°C at 2.2 m height, during Dec. 20, 1981- 
Apr. 29, 1982. 


Freezing temperature: The representative freezing curves obtained by treatments A and 
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Fig. 3. Distribution of supercooling point and ice-inoculative freezing point of hibernaing 
larvae of Apatura metis and Sasakia charonda. One closed circle represents one 
individual. Samples of different seasons and of different instars are pooled, and 
numerals give average +s.d. in each treatment. In treatment B-D, larva before 
cooling was wetted at various parts of integument which are shown as half-tone 
areas. See also Method section for details of the preparatory treatments, A-D. 


B are given in Fig. 2, showing a supercooling point by spontaneous freezing and an 
inoculative freezing point by ice-inoculation. Fig. 3 compiles results of these freezing 
experiments. Hibernating larvae of Apatura metis supercooled down to —31.7°C in 
average, while they were inoculated and frozen at —7.1°C. On the other hand, hibernat- 
ing larvae of Sasakia charonda showed higher supercooling point, —21.3°C, and 
inoculative freezing point of —7.6°C. Results of treatment C, which simulates wet 
natural condition, were in contrast between the two species. Sasakia larvae were easily 
inoculated by this treatment, whereas most of Apatura larvae avoided inoculation despite 
that water dropped on the larva smoothly expanded on its dorsal epicuticle. Due to this 
discrepancy between treatment B and C in the latter, the larvae tested were removed 
from the bark split after thawing to confirm water distribution realized by the treatment 
C. The area of bark split where the larva rested was arid, but not wetted. This 
observation suggested that larval hairs arranged at lateral sides of body, which contact 
with the silken mat on bark, should prevent water invasion into ventral side of the larval 
body. Hence, freezing experiment with the treatment D, artificial water application 
onto the ventral integument, was carried on, then resulted in inoculative freezing (Fig. 3). 


Frost resistance: All larvae frozen spontaneously were died. The larvae frozen by ice- 
inoculation were successfully exposed to various low temperatures for 24hrs. Some 
frozen larvae of Apatura metis were able to tolerate the exposure (—16°C/2 exs, —18°C/ 
2 exs, —19.5°C/1 ex.), while others died (—19.5°C/3 exs, —21°C/2 exs, —24°C/2 exs). 
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Table 1. Sugar and sugar-alcohol contents in hibernating larvae of Apatura metis and 
allied two species. Given in mean percentages to fresh body weight (mg). 





Species Month Instar (N) Weight GLY TRE GLU others* 

















Dec II (1) 3.4 5.08 1.09 0.20 0.55 

III (1) 8.7 4.15 1.56 0.22 0.56 

Feb II (2) 3.1 8.41 0.05 0.14 0.13 

Apatura III (1) 5.7 6.88 0.15 0.11 0.26 
metis Mar II (2) 2.5 7.29 0.26 0.29 0.32 
III (1) 7.2 4.80 0.35 0.24 0.19 

Total (8) 6.54 0.47 0.20 0.31 

s.d. 1.63 0.16 0.07 0.16 

Nov IV (1) 46.3 - 1.53 0.01 0.05 

Sasakia Mar IV (6) 54.8 ー 1.39 0.91 0.07 
charonda Total (7) 53.6 z 1.41 0.78 0.07 
s.d. 0.67 0.37 0.07 

po wis Nov IV (1) 76.8 P 1.41 é 5 





* GLY: glycerol, TRE: trehalose, GLU: glucose, others: mainly a disaccharide simi- 
lar to sucrose in retention time. 


The lower lethal temperature of freezing resistance was thus estimated as —19°C for 
Apatura metis. Similarly, as for Sasakia charonda, larvae frozen by ice-inoculation 
either survived (—9°C/3 exs, —10°C/1 ex., —12°C/1 ex., —14°C/2 exs) or died (—12°C/2 
exs, —14°C/1 ex., —16°C/3 exs, —18°C/3 exs), and the lethal temperature should be 
about —12°C for this species, though the available number of individuals tested was not 
adequate. 


Sugars and sugar-alcohols in haemolymph: Sugar and sugar-alcohol contents in hiber- 
naing larvae of both species determined by gas-liquid chromatography are shown in 
Table 1, together with a result obtained from a hibernating larva of an allied species, 
Hestina persimilis. Above-ground hibernating Apatura accumulated glycerol in 
haemolymph to the amount of 6.5% of fresh body weight together with 0.5% trehalose. 
While the other two on-ground hibernating species contained trehalose at a level of 1.4%. 
In mid winter samples, one Sasakia larva collected in November tended to contain less 
glucose (0.01%), and two Apatura larvae collected in December did much trehalose 
(1.33%) and less glycerol (4.62%), suggesting metabolic conversion during winter. 


Discussion 


Above-ground hibernation and on-ground hibernation: All results presented here indi- 
cate that cold resistance in hibernating larvae of Sasakia charonda is poor in any aspects 
than that of Apatura metis. Higher supercooling point (— 21°C), higher lethal tempera- 
ture in freezing resistance (cg —12°C) without inoculation avoidance, and also absence of 
glycerol in the former are similar to those of two beetles hibernating in the same 
microhabitat (Epilachna admirabilis Crotch and Gastrophysa atrocyanea Motschulsky, in 
Hoshikawa et al., 1988). These species, the two beetles and S. charonda, are not 
distributed in northeastern Hokkaido. So far as environmental conditions in and near 
Sapporo concerned, however, they can overwinter safely because temperature of litter 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


Ice-Inoculation Avoidance in Hibernating Larva of Apatura metis 283 


layer seldom drops lower than —3°C (Hoshikawa, 1981). Since ice-inoculation requires 
contact of insect integument and water in liquid phase, inoculation might be rather rare 
phenomenon, if not unthinkable, in hibernating sites as litter layer, due to release of 
latent heat in large quantities by freezing of ambient water. 


Ice-inoculation avoidance in Apatura metis: For above-ground hibernating species as 
Apatura metis, however, danger inoculation can occur frequently. Daily fluctuation in 
temperature ranges over 20 degrees at southern trunk of a tree in mid winter, depending 
on presence/absence of solar radiation (Sakai & Wada, 1963), and amounts of water on 
trunk should be small. Rapid temperature changes after sunset on western bark of tree 
trunk should favor ice-inoculation. Indeed, hibernating larvae of Apatura metis were 
distributed on east-northern bark, seldom found on western bark (Fig. 1C). Besides this 
microhabitat selection, Apatura larvae equipped morpho-behavioral adaptation against 
ice-inoculation. Dense lateral fringes of hairs, in cooperation with silken mat elabo- 
rately spun by larva, prevented water invasion onto ventral surface of larval integu- 
ment, where ice-inoculation occurs. Although this device alone could not function 
completely (see larger variance of treatment C in Fig. 3), it can reduce strongly the 
probability of ice-inoculation, combining with the microhabitat selection mentioned 
above. 


Possible extinctions of Apatura metis populations in Hokkaido: Coldness in Hokkaido 
is severe for Apatura metis, if they are free from ice-inoculation. When the solar 
radiation is absent, the temperature of tree trunk is almost the same to the ambient air 
temperature (Sakai & Wada, 1963). Among the records of the lowest air temperature 
extremes hitherto observed by 244 weather bureau stations in Hokkaido (Sapporo 
Meteorological Observatory, 1983), 32 local stations have records below —35°C, being 
lower than the supercooling point of Apatura metis, —31.7°C. For instance, the extreme 
of —41.0°C was recorded in Asahikawa City on Jan. 25, 1902, and snow depth at that day 
was 70 cm. In snow-covered areas like Asahikawa, a part of population would be 
survive under protection by snow. While in snowless areas such as eastern Hokkaido, 
almost all of hibernating larvae of Apatura metis may die from freezing. Possible 
extinctions expected should be, however, so local and unusual that vacant zone thus 
formed could recover easily within short times by invasion from surrounding conspecific 
populations. 
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摘 要 
コム ラサ キ 越 冬 幼虫 の 植 水 凍結 回 避 (BAA: タテ ハチ ョ ツウ 科 ) (星川 和夫 ) 


北海 道産 コム ラサ キ の 越冬 幼虫 は ー32*C で 自発 凍結 し た が , 植 水 する と 一 7C で 凍結 し た . 凍結 し 
た 幼虫 は ー19'C・24 時 間 ま で の 凍結 に 耐え る 能力 を 有する が , 以下 の し くみ で 植 水 凍結 を 回 避 し て 
いた : (1) 越冬 台座 と 体側 毛 列 に より 植 水 の 起こ る 腹 側 へ の 水 の 侵 入 を 防い で いる , (2) 植 水 の 起 こ 
り に くい 北東 面 の 樹幹 部 で 越冬 する . 越冬 幼虫 は 体液 中 に 生体 重 あ た り 6.599 の グリ セリ ン と 0.5% 
の トレ ハロ ー ス を 含ん で いた . 


リッ ター 層 中 で 越冬 する オオ ムラ サキ 効 虫 の 耐寒 性 も 比較 の た め に 調べ た . 本 種 は 耐 凍 性 が 弱い に 
も か か わら ず 植 水 を 回 避 す る し くみ を も た な か っ た . オオ ムラ サキ 越冬 幼虫 は トレ ハロ ー ス を 
14% Beas, グリ セリ ン を 含ま な い . 
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